A flow trough type catalytic reactor system was adequately modified for NO related catalytic and adsorption measurements, including the on-line connection of a digital chemiluminescent NO-NO x analyzer to the reactor outlet system. Moreover, we have largely completed the installation of an FTIR coupled catalytic system containing a HTEC cell for high temperature DRIFT studies. Three different barium cuprate samples, Ba 2 CuO 3 , BaCuO 2 , and Ba 2 Cu 3 O 5 were synthesized and characterized by powder XRD for catalytic tests. Prior to catalytic studies over these cuprates, a new, liquid indium based supported molten metal catalyst (In-SMMC) was tested in the reduction of NO by various reductants. In the presence of excess O 2 and H 2 O, the In-SMMC proved to be more active for the selective catalytic reduction (SCR) of NO to N 2 by ethanol than most other catalysts. Using C 1 -C 3 alcohols as reductants, self sustained periodic oscillations observed in the NO x concentrations of reactor effluents indicated the first time that radical intermediates can be involved in the SCR of NO by alcohols. Further, In-SMMC is the only effective and water tolerant SCR catalyst reported thus far which contains SiO 2 support. Thus, this novel catalyst opens up a promising new alternative for developing an effective and durable catalyst for NO x abatement in stack emission. 
TABLE OF CONTENTS EXECUTIVE SUMMARY
The overall objective of this project is to elucidate new aspects of the mechanism of selective catalytic reduction (SCR) of nitric oxide and explore new catalytic materials in order to design better catalyst for the NO x control from coal combustion sources. The SCR of NO by hydrocarbons or oxygenated hydrocarbons has recently emerged as a promising alternative technique (HC-SCR) to overcome the limits and difficulties of the current ammonia based SCR procedure. Some ZSM5 type zeolites have been the first active HC-SCR catalysts at laboratory conditions but most of them loose catalytic activity at the harsh chemical environment of commercial exhaust and also the durability of zeolites appears to be unsatisfactory for practical use due mainly to the substantial H 2 O steam content of stack emissions. There is a hope that these difficulties can be overcome by avoiding the use of zeolites which generated a considerable industrial incentive to find active and durable non-zeolite based HC-SCR catalysts. The high catalytic activity of Ba 2 Cu 3 O 5 holds promise to improve the current impractically low activity level of non-zeolite HC-SCR catalysts by exploring the salient activity determining features of this and other cuprate catalysts.
In accordance with the project schedule, we prepared three different barium cuprates in order to study the catalytic role of the relative ratios of copper and barium atoms. Moreover, the installation of a catalytic reactor system coupled with a Nicolet Magna-IR 560 E. S. T. FTIR spectrometer has largely been completed. In this system, the catalytic reactor is substituted by a Model 0030-103 high temperature environmental chamber (HTEC) from Spectratech which permits in situ sample pretreatment at high vacuum (10 -5 torr) and diffuse reflectance infrared analysis (DRIFT) up to 900 o C. For adsorption and catalytic studies with NO x and other SCR related reactants, the reactor inlet/outlet arrangement was adequately modified in one of our existing catalytic systems including installation of supplemental heat and gas flow controllers. This modification also included the attachment, installation, and calibration of a Rosemunt type NGA 2000 chemiluminescent NO-NO x analyzer which is a newly developed, digital, state of the art instrument with wide extension capabilities.
Using this NO-NO x analyzer, we tested one of our newly developed supported metal catalysts (SMMC), namely liquid indium supported on porous glass (abbreviated as In-SMMC), in the reduction of NO by various reductants. Among many surprising results, we found this catalyst to be more active for the SCR of NO by ethanol in presence of water than any other catalyst except a comparable active Ag/Al 2 O 3 sample which has been published by Japanese researchers a few weeks ago. Since the outstanding catalytic activity and water resistance of the new In-SMMC is an unexpected but extremely relevant development pertaining to NO x abatement problems in stack emissions, we have postponed the scheduled catalytic studies on cuprates and focused on the new catalyst. Some pertinent publication manuscripts are attached to this report.
We intend to utilize these newly acquired results in combination with the originally planned experiments to develop better catalysts for NO x treatment in dilute flue gases from coal combustion. For instance, the planned In and Ga cuprates might be adequate modifications for In-SMMC for further activity and selectivity improvement. Mixing In-SMMC and Ba x Cu y O z seems to be also a promising new combination of non-zeolite SCR catalysts. Thus experiments in the near future will focus on testing the limits of the applications of In-SMMC, such as lowering the space velocity to the typical SV ~10,000 h -1 stack emission levels and lowering the metal loading which is a financial issue on one hand and increases dispersion on the other hand. The other major short term program will be the comparison of different barium cuprates in SCR reactions. Next we intend to test the catalytic properties of adequate combinations of the two different type of catalysts in order to find a possibly practical SCR catalyst composition. Consequently, the planned adsorptive and FTIR studies going to be done as needed to help in understanding the mechanisms of these reactions and refine the composition of catalysts.
INTRODUCTION
NO x emitted from various coal-fueled combustion sources is an unwanted major air pollutant which can aggravate chronic hearth and respiratory diseases, contributes to the acid rainfall, ground level ozone, and depletion of the stratospheric ozone layer [1] . Therefore, a great deal of effort is being made to reduce NO x emissions. Catalytic techniques appear to be most effective means of combating NO x pollution to satisfy the increasingly stricter environmental requirements.
There are a number of different technical approaches that may be considered for the catalytic reduction of NO x emission from stationary combustion sources but all current technologies have limitations pertaining to NO x abatement from coal combustion. For example, the catalytic combustion is only efficient for preventing the high temperature formation of flame generated NO x from air but not from chemically bound nitrogen in coal, coal derived fuels, or residual oils [2] . The extremely complex conditions of staged burning, in which the fuel-bond nitrogen is converted to N 2 in a primary combustion zone at fuel-rich conditions and the produced CO and hydrocarbons are burned in a second fuel-lean (excess oxygen) zone, can cause unstable combustion and hence unstable control of NO x emission [2] .
Currently the catalytic reduction of NO x in the post-combustion zone appears to be the most promising technique to attain the required low NO x levels in stack emissions. Since the typical exhausts from coal burning are rich in oxygen, this post-combustion technique requires the injection of selective reductants which preferably react with NO instead of the excess O 2 . The selective catalytic reduction (SCR) of NO by NH 3 is a rapidly spreading commercial technology for efficient NO x removal from oxygen rich exhausts. However, this technique has numerous problems including storage, handling, and escape of unreacted ammonia [1, 2] .
Since 1990, a number of selective reductants, including various hydrocarbons and alcohols, have been found to be potential alternatives of ammonia for the reduction of NO under oxidizing conditions [1, 3] . Some ZSM5 type zeolites are so far the most active and selective catalysts for the SCR of NO by hydrocarbons or oxygenated hydrocarbons. However, the catalytic activity of most zeolites substantially decreases in presence of H 2 O, which is inevitably present in the exhaust streams. Moreover, the hydrothermal stability of zeolites is a concern. Therefore, developing an effective and durable non-zeolite type SCR catalyst is an important task. Since the reaction rate of various SCR related reactions was found to be much faster over a Ba 2 Cu 3 O 5 catalyst sample than those over the most studied Cu-ZSM5, there is a hope that a better SCR catalyst can be developed for treating the dilute fuel gas streams from coal combustion by exploring those fundamental surface and bulk properties of cuprates which have pronounced effect on their SCR related catalytic activities and selectivities. This task is the major objective of the proposed research.
As a result of the intensive worldwide research since the preparation of our research proposal, some In 2 O 3 based complex solids have emerged as very promising, highly active, steam and SO 2 resistant SCR catalysts [4] [5] [6] [7] [8] [9] [10] . Therefore we tested one of our newly developed supported molten metal catalysts (SMMC) [14] [15] [16] which contains liquid indium (In-SMMC) in SCR related reactions. In the presence of H 2 O, In-SMMC was found to be more active for the SCR of NO by alcohol than any other indium containing sample (and most zeolite or non-zeolite SCR catalysts). Thus, these new, unexpected results form the body of the present report. The phase purity of these crystalline materials was examined by powder XRD using a Siemens type D5000 diffractometer equipped with an energy sensitive detector (Cu-K a1,2 source). The diffractograms are enclosed. Peaks were matched with those in the corresponding computerized JCPDF file. In the case of BaCuO, the starting nitrates reacted with the Nicrucible thus this cuprate contains substantial NiO (Bunsenite) impurity judged by the characteristic reflections at around 2 Q = 37.2, 43.2, and 62.5. The synthesis of BaCuO 2 will be repeated in ceramic crucible.
RESULTS AND DISCUSSION

Catalyst Preparation
Two different techniques were used to fabricate In-SMMC samples: i) Direct imbibition of molten indium onto the support. For this preparation, the support was calcined first in air at around 150 o C to remove adsorbed H 2 O than mixed intensively with appropriate amounts of the liquid metals near 200 o C until all visible metal droplets disappeared. ii) Chemical deposition starting by adsorption of In(NO 3 ) 3 from aqueous solutions onto the catalyst carrier (incipient wetness) followed by drying at 120 o C for 5 hours, calcining at 550 o C for 24 hours, and reducing in a flow of H 2 (100 cm 3 /min) at 550 o C for 2 hours. Some details regarding the porosity, dispersion, surface area, etc., of these samples have been described in our earlier papers [14, 15] .
Catalytic Experiments
Prior to experiments with NO, we performed exploratory studies on a new class of heterogeneous catalysts, called supported molten-metal catalysts or SMMCs. As opposed to existing supported metal catalysts, composed of solid metal crystallines, finely dispersed on the extensive surface of porous refractory supports, SMMCs contain micro-droplets or ultra-thin films of non-transition metals melting below the temperature of the catalytic process. A large number of relatively low melting (< 500 o C), inexpensive, and abundant metals, semimetals, alloys, or intermetallic compounds are potential ingredients for SMMCs which are inherently resistant to sintering or coking and posses largely homogeneous surface sites for selective catalysis. Many of these new materials have been found to be active and selective catalysts for different reactions including the dehydrogenation of hydrocarbons [15, 16] and partial oxidation of alcohols [14] .
Among various potential SMMC supports, a controlled pore glass (~75 Å average pore radius, sold by Aldrich) proved to be appropriate to maintain dispersed, for example, molten indium. This support is obviously resistant to steaming even at high temperatures which is a problem with many potential catalysts considered for abating NO x in the oxygen and water rich exhausts of coal combustion. Therefore, when our catalytic system was modified for NO x related studies and completed with a chemiluminescent NO-NO x analyzer, we tested a porous glass supported In catalyst, In-SMMC, as potential water resistant catalyst for the HC-SCR of NO by C 3 H 8 . Since SMM catalysts have not been examined in reactions of NO before, we also tested the effect of other typical NO reductants, such as H 2 , CO, and C 1 -C 3 alcohols.
While In-SMMC was largely inactive for the SCR of NO by the hydrocarbon (and also by H 2 or CO) in presence of excess oxygen, this new material showed surprisingly high catalytic activity for the same reaction when alcohol (oxygenated hydrocarbon) was used as reductant being thus the first SiO 2 supported catalyst which shows appreciable activity for this process. What is more, In-SMMC is one of the most active catalysts for the HC-SCR of NO by Et-OH in the presence of H 2 O explored thus far. The experimental details and some major result are described in the attached presentation abstract and paper manuscript.
During our experiments, self sustained periodic oscillations were observed at various reaction conditions. Similar oscillation effects provided direct experimental proof for the involvement of radicals in the HC-SCR of NO by hydrocarbons [17] [18] [19] , but oscillations in the presence of alcohols have not been reported before. This matter is the subject of another manuscript in preparation. We only attach here one example for the observed oscillations in the HC-SCR of NO by Met-OH and further details will be submitted in our next report. In contrast to common supported metal catalysts composed of solid metal crystallines dispersed on porous supports, supported molten metal catalysts or SMMCs, a new class of catalysts, contain micro droplets or thin films of non-transition low melting metals on refractory supports. The SMMCs have been found to catalyze various dehydrogenation and selective oxidation processes [1] . However, the full potential of this large group of heterogeneous catalysts has yet to be explored.
CONCLUSIONS
Here we report the first observation of very high catalytic activity and good water tolerance of some SMMC samples in the selective catalytic reduction (SCR) of NO by alcohols at reaction conditions resembling those in the commercial catalytic converters for NO x abatement in combustion exhausts. The SCR of NO by hydrocarbons or oxygenated hydrocarbons is a promising technique for minimizing NO x emissions from oxygen rich exhausts of stationary or mobile sources [2, 3] . Some ZSM5 type zeolites are so far the most active SCR catalysts (Table  1) . However, the catalytic activity of most zeolites substantially decreases in presence of H 2 O, which is always present in exhaust streams. Moreover, the low hydrothermal stability of zeolites is a concern.
Catalytic experiments were carried out with mixtures of (0.1% NO + 8% O 2 + x% C 1 -C 3 alcohol + y% H 2 O) in He carrier gas at temperatures from 300 to 600 o C and space velocities SV ≥ 10,000 h -1 over various SMMC samples. The concentration of alcohol was varied from zero to 2% and that of water from 3 to 10%. The effect of metal loading and nature of support on the activity and selectivity of catalysts was also studied. To get comparative information about the catalytic performance of SMMCs for the reduction of NO by various reductants, experiments were also done by using H 2 , CO, and hydrocarbons instead of alcohols. The reaction steps were probed by using bimolecular feeds of (NO + O 2 ), (NO + alcohol) and (O 2 + alcohol). Adsorption isotherms and thermogravimetric measurements were used to characterize the surface sites of catalysts.
As the example of In-SMMC indicates in Table 1 , this catalyst is more active for the SCR of NO by Et-OH in presence of excess O 2 and H 2 O than any other catalysts reported for this reaction. Catalyst performance remained largely intact when catalytic tests were carried out at various reaction conditions for an extended period. Periodic oscillations were also observed in the NO and NO 2 concentrations of the products. Water affects both the amplitude and the frequency of these oscillations. Results also indicate that oxidation of Et-OH is a likely initial reaction in the SCR process over the In-SMMC. As opposed to most other SCR catalysts [2, 9, 10] , formation of NO 2 has presumably a secondary role over this catalyst. Similar to the SCR of NO by C 3 H 6 over Mn 2 O 3 /Sn-ZSM5 [11] , H 2 O improves both the activity and the selectivity of In-SMMC. Homogeneous and heterogeneous radical reactions may be involved in the SCR of NO over SMMC samples studied. 
EFFICIENT REDUCTION OF NITRIC OXIDE BY ALCOHOLS IN PRESENCE OF EXCESS OXYGEN AND WATER OVER A NEW INDIUM BASED SUPPORTED MOLTEN METAL CATALYST (SMMC)
INTRODUCTION
The selective catalytic reduction (SCR) of NO by hydrocarbons or oxygenated hydrocarbons is a promising technique to minimize NO x emissions from oxygen rich exhausts of stationary or mobile combustion sources [1, 2] . Since the first public insertions of the high SCR activity of copper [3, 4] and proton [5] exchanged ZSM5 zeolites, a large throng of zeolites has been examined as catalyst candidates for this reaction. However, water vapor which inevitably appears in exhausts of all combustion sources, typically inhibits the SCR activity of most zeolites and their hydrothermal stability seems to be also too low for commercial use [6] [7] [8] [9] . [2, 31] and stack [32] [33] [34] emissions, all experiments were carried out at space velocities SV > 10,000 h -1 and all SCR experiments were done at SV = 60,000 h -1 . 
EXPERIMENTAL
Catalysts and Materials
Activity measurements and analysis
To attain different space velocities from SV = 12,000 to SV = 120,000 h -1 while maintaining a total gas flow rate of 100 cm 3 /min (also includes vapors from injected liquids such as H 2 O and alcohols), appropriate amounts of catalyst was placed in a fused quartz reactor of the flow-through type. The catalyst was either supported on a porous quartz frit and covered with quartz wool or placed between quartz wool plugs. Prior to the first catalytic measurement, the catalyst was evacuated at 10 -6 torr at 550 o C and reduced in 100 cm 3 /min H 2 at 0.1 MPa for 120 minutes at this temperature. Finally the catalyst was cooled in He flow (100 cm 3 /min) to the temperature of measurements and kept under He between runs.
Using a stainless steel manifold system constructed of Swagelok bellows seal valves and adapters and connected directly to our catalytic reactor/analyzer system, appropriate amounts of oxygen, nitric oxide, hydrogen, carbon monoxide, propane, methanol, ethanol, and 2-propanol were mixed with balancing helium to achieve a total flow rate of 100 mL/min. at 1 atm (1.0 x 10 5 Pa).
Flow rates were controlled by MKS type 1179 mass flow controllers. For experiments with alcohols and water, a Gilson Model 302 liquid pump injected the liquid into the gas stream via a preheater zone and the gas flow rates were adequately adjusted to maintain a total of 100 mL/min.
gas flow rate at the reactor inlet. Experiments were carried out at reaction temperatures from 200 to 550 o C. Details of the system are described elsewhere [27, 28] .
Separate measurements of the nitric oxide and total NO x contents in the reactor effluent were made using a Rosemount Model NGA 2000 chemiluminescent NO-NO x gas analyzer and were compared with the nitric oxide contents at the reactor inlet to calculate the conversion of and NO x in the background which were subtracted from the results of catalytic experiments. The effluent was passed trough a condenser to remove water and alcohol from gases entering the NO-NO x analyzer. Nitrogen oxide trapping in the condenser was negligible because the total NO x remained the same (within ± 0.5 ppm range) when gases from the reactor outlet were either passed trough the condenser or trough a bypass system. To satisfy the minimum flow requirements in the NO-NO x analyzer, the reactor effluent was mixed with 900 mL/min. flow of He (a tenfold dilution) before entering the analyzer. Analysis was performed at various time intervals from 1 sec to 2 min. and the average of numerous (frequently several thousand) measurements was used to characterize the conversion of NO at a given reaction condition. Repeated measurements on the same catalyst (after miscellaneous intervening reactions) and on separate weight-ins gave a total repeatability of ± 5%. With respect to the low probability of NH 3 formation at the strongly oxidizing conditions of the SCR process, the ammonia content in the effluent was not analyzed.
The NO and NO x concentrations were monitored continuously by passing the total effluent gas stream through the NO-NO x analyzer. All other products were analyzed in separate experiments by gas chromatography using a SRI 8610C type gas chromatograph equipped with both FID and TCD detectors. The GC is connected on-line to the outlet of the catalytic system. To avoid the condensation of liquids, the sample loop and the gas lines were Compounds monitored on GC were CO, CO 2 , C 1 -C 6 hydrocarbons, H 2 O, alcohols, ethers, acids, aldehydes, and esters [28] . The accuracy of repeated GC analyses (7 repeats) was about ± 3%.
SCR experiments were carried out with mixtures of (0.1% NO + 8% O 2 + x% C 1 -C 3 alcohol + y% H 2 O) in He carrier gas at temperatures from 300 to 600 o C and space velocities SV = 60,000 h -1 . The concentrations of alcohols were varied from zero to 2% and that of water from 3 to 10%. To get comparative information about the catalytic performance of SMMCs for the reduction of NO by various reductants, experiments were also done by using H 2 , CO, and hydrocarbons instead of alcohols. The reaction steps were probed by using bimolecular feeds of (NO + O 2 ), (NO + alcohol) and (O 2 + [41] , experiments with a mixture of (0.1% NO + 0.35% H 2 + 1% CO + 0.75% O 2 ) were also carried out. As Table 1 indicates, a slight NO conversion occurs with these reactants at 500 o C. However, further change was not observed when the concentration of O 2 was increased up to 2%. 
RESULTS
Reactions with H 2 and CO
Reaction of NO and O 2
While dearth of appreciable catalytic activity in reactions of (NO + H 2 + CO + O 2 ) is typical for SCR catalysts [1, 2, 38, 43, 44] , they are usually highly active for the oxidation of NO to NO 2 which is believed to be a major reaction step in the SCR process over most catalysts [2, 19, 20, [45] [46] [47] [48] [49] [50] [51] [52] . Data in Table 1 demonstrate that the In-SMMC is only slightly active for the oxidation of NO even in the presence of a large excess of O 2 .
Reactions with C 3 H 8
The SCR of NO by C 3 H 8 can only result in selective N 2 formation over many ZSM5
catalysts when the molar ratio of C 3 H 8 /NO ≥ 1 in the feed [51, 52] . Therefore, different C 3 H 8 /NO ratios were used in experiments over 28% In/PG-75. As a few example in Table 1 demonstrate velocities (SV = 20,000 h -1 ) than we, it is likely that the substantial difference between both the activities and selectivities of their indium oxide based and our metallic indium based catalysts can mainly be attributed to the different supports and/or oxidation states of indium in the equilibrated catalyst samples.
Interestingly, the reactivity of C 3 H 8 over In-SMMC appears to be similar to those observed in the aforementioned reports. Examples in Table 2 indicate that negligible direct reaction occurs between C 3 H 8 and NO, but the combustion of C 3 H 8 by O 2 is substantial near 500 o C. This latter reaction is not affected noticeably when NO is also present. Using reactant mixtures composed of roughly (0.1% NO + 0.1% C 3 H 8 + 10% O 2 ), Kintaichi et al. [20] , Haneda et al. [21] , and Maunula et al. [19] reported 50%, 75%, and 50% conversions for C 3 H 8 at SV = 20,000 h -1 and 500 o C over their above mentioned three catalysts, respectively.
Reactions with alcohols
In spite of the low reactivity of NO with C 3 H 8 , substantial NO conversions were observed when methanol (Met-OH), ethanol (Et-OH), or 2-propanol (Prop-OH) were used as reactants over In-SMMC. An example with (Et-OH + NO) in Table 1 observations [38] , oxygen slightly suppressed the conversion of NO in the reaction of (NO + Et-OH) ( Table 1 , 400 o C). However, NO reacted more vigorously when H 2 O was also added to these reactants below about 500 o C.
Separate experiments were done for studying the effects of O 2 , H 2 O, and NO on the reactivity of Met-OH and Et-OH over various SMMC samples [27, 28] . As seen in Table 2 , these alcohols readily react over the In-SMMC even at very high space velocities in the absence of other reactants. Independent studies indicate that the major products involve aldehydes [28] . even a small amount of O 2 initiates its total burning. While the effect of NO on the reactivity of Met-OH was not investigated, Table 2 shows that NO has an even more pronounced effect on the conversion of Et-OH (products were not analyzed) than O 2 and the two oxidants together generate an additional increase in the Et-OH conversion. When the space velocity was drastically decreased from 120,000 to 12,000 h -1 (which still approximates the conditions in stationary exhausts), total alcohol conversion could be attained near 400 o C even at elevated Et-OH concentrations in the feed.
The complex effects of H 2 O and O 2 on the reactivity of Et-OH and the distribution of products at various temperatures are detailed elsewhere [28] . However, it is important to note here that the reaction of (1% Comparative data in Table 1 and Table 2 also indicate that Et-OH and NO can mutually affect each other's reactivities which is typical for radical processes [50, 57] .
Selectivity for NO 2 and N 2 (N 2 O)
While Table 1 illustrates that Et-OH and O 2 initiate substantial NO conversion, the separate analysis of NO and NO 2 in the effluents and the calculated nitrogen balance indicate that only a part of NO could be transformed to N 2 (N 2 O) at certain reaction conditions. Note that the nitrogen balance merely permits the determination of total unfixed nitrogen (molecules with stable N≡N bonds which cannot revert to fixed NO x in the exhaust systems [58, 59] ) which includes both N 2 and N 2 O and we have not determined their relative amounts in the present studies. with increasing oxygen concentrations which is a quite unusual phenomenon. It is possible that these reactivity and selectivity changes for NO are related to selectivity changes in converting Et-OH to aldehyde or CO x which also depend on the concentration of oxygen over the In-SMMC [28] . [50, 57] . The degradation of aldehydes to peroxy radicals and their low temperature interactions with NO are well known atmospheric processes [60] . Our early results [28] confirm the possibility of aldehyde formation over In-SMMC. Moreover, we observed periodic oscillations in the NO and NO 2 concentrations of the reactor effluents which is a direct evidence for the presence and release of radicals in our reaction system. This issue will be addressed elsewhere [29] .
As the examples of Et-OH and Prop-OH in Table 3 selective N 2 production occurs at higher temperatures. The increased N 2 formation might be associated with the oxidation of In [30] or the accelerated reaction of (O 2 + Et-OH) [28] or both.
The substantial unreacted NO 2 (difference of [total NO -NO to N 2 ) either indicates sluggish NO 2 + Et-OH reactivity over this catalyst or formation of NO 2 in the post-reactor system as proposed above.
In presence of H 2 O, the N 2 production clearly increases at temperatures <500 o C (Fig. 2) .
Since the maximum concentration of NO 2 roughly follows the equilibrium maxima above 400 o C [49] , it is likely that the oxidation of NO to NO 2 proceeds in the catalytic reactor. We attempted to add C 3 H 8 to the feed to convert this extra NO 2 but no significant change in the NO 2 or N 2 concentration was observed.
DISCUSSION
The SCR of NO by hydrocarbons in presence of oxygen can be considered as a special combustion of hydrocarbons which also involves NO x [47, 51, 52, 55] . Since NO 2 is a very reactive moiety compared to NO and the oxidation of NO to NO 2 is typically faster than the direct interaction of NO and hydrocarbons over most SCR catalysts, formation of NO 2 is widely regarded as initial reaction step in SCR processes [1, 2, [49] [50] [51] [52] . Such mechanisms have commonly been proposed for the SCR of NO over In-based catalysts as well [17] [18] [19] [20] [21] .
The direct reaction of NO and Et-OH (Table 1) demonstrates that NO 2 is not needed to initiate the reaction of alcohols over In-SMMC. In fact, data in Table 1 and Table 2 indicate that the decomposition and direct oxidation of alcohols by O 2 are faster reactions over this catalyst than the oxidation of NO by O 2 . Moreover, data in Table 3 and Fig. 2 show that NO 2 formation only becomes substantial in presence of alcohols. Thus, it is likely that either the oxidation of alcohols or the direct reaction of alcohols with NO can initiate the SCR process and formation of NO 2 is mainly due to secondary reactions over In-SMMC. Similar reaction pathway was suggested for silver [36] and transition metal based catalysts [25, 52, 56] as well as for H-ZSM5
above 500 o C [51] . While NO 2 might participate in the SCR process, it appears that its formation is either much faster than its further reaction with intermediates to form N 2 or the measured NO 2 largely forms in the post-reactor system. In situ NO 2 formation was not reported in the SCR of NO by alcohols over other In-based catalysts but NO 2 was found to be slightly more reactive than NO [19] [20] [21] . Thus the SCR of NO by alcohols probably follows a different reaction path over In-SMMC than over other catalysts. As pointed out at several experimental findings, radical reactions are probably integral parts of the overall SCR process over the In-SMMC.
While the reaction pathway has yet to be explored, the new In-SMMC is certainly one of the most active catalysts for converting NO to N 2 by alcohols in presence of excess O 2 and H 2 O. This is demonstrated in Table 4 [19] catalysts is the promotion of reactions of (NO 2 + oxygenated intermediates). Data in Fig. 2 suggest that this reaction might be slow over the In-SMMC and the disappearance of excess NO 2 at temperatures ≥ 500 o C can mainly be attributed to changes in the NO/NO 2 equilibrium [49] (but the conversion of NO to N 2 is faster over the In-SMMC than over other In-based catalysts as Table 4 shows). 
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